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I. Conclusions and Recommendations 
When the results of the study were examined by this Group, 
a set of recommendations became apparent. 
encompassed several different points of view--all, however, 
within the general framework of defining the lunar surface with 
sufficient detail to assist the Apollo program. Some of the 
recommendations are for additional Earth space laboratory 
These recommendations 
experiments, some for additional examination of data already 
on file, and several for proposed possible experiments which 
would further aid in describing the nature of the surface of 
the Moon. Several, however, are the result of a clear recog- 
nition that remote sensing of the unfamiliar terrain will not 
enable an accurate prediction of bearing strength to be made. 
This difficulty is a direct result of the fact that the inter- 
action of electromagnetic radiation with the lunar surface 
does not sense those collective effects that play a role in 
mechanical bonding of structures. 
The recommendations of the Group are as follows: 
A. "TYCHO" feeis ir essential that  z bazk=r;jl experh!e?lt  
to the present Surveyor program be given high priority. 
Surveyor vehicle represents sophisticated, complex engineering 
and one may reasonably expect difficulties, especially early 
in the program. 
ment 'involving either a soft landing vehicle with a larger 
degree of tolerance or a hard landing vehicle in which nothing 
The 
We strongly recommend that a back-up experi- 
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other than measurements of a surface property such as density 
or bearing strength be attempted, The recently proposed 
Sandia impact probe is an example of such an experiment. 
B. The landing point should be selected to minimize 
the danger to the astronauts from the point of view of 
current models of the lunar surface. For instance, the floor 
of a 50 to 100-meter wide new "crisptt crater seems to offer 
best possibilities as discussed further on Page 19. Infrared 
cooling anomalies, radar reflectivity, and optical back- 
scatter give independent evidence of locations of high 
surface density, Further, all equipment and plans should 
be made compatible with all the models and training should 
take place in sand and above all in light "fluff" in vacuum. 
C, Because of its importance to the Apollo pro- 
gram, behavior of the dust in a high vacuum and its influence 
on the performance of the mission equipment in such an 
environment should be the core of an extensive experimental 
program. This is particularly important because there is 
no doubt that there is some dust on the lunar surface since 
the infall of meteorites alone would pulverize any surface 
material. 
- 2 -  
D o  All photometric studies of the lunar surface and 
some of the infrared, radar, and radiometric studies measure 
in effect the properties of the lunar dust layer, For this 
reason a wide systematic program of measurements of various 
properties (mechanical properties, coherency, dielectric 
constant and losses, thermal conductivity, light scattering 
and polarization) of lunar dust substitutes under possible 
realistic conditions (solar wind, irradiation, churning, 
temperature variations, vacuum conditions, etc,) should be 
initiated, Preliminary experiments have already shown that 
many of these properties change in a drastic manner under 
these conditions,, 
E ,  Laboratory verification of a lunar surface brightness 
and polarization model outlined in Appendix VI1 of the Report of 
the August 1965 @vTYCHOt9 Meeting (TC #1) which shows that the 
backscatter intensity and the polarization can determine sur- 
face density and particle size should be attempted, If the model 
is verified, backscatter at small angles versus position on 
the Moon should indicate fluctuations in surface density and 
thus n n - - n e ~ * v o  r-. " I  -1 This will be he lpfu l  in choosing a suitable 
landing site, 
F, The lunar orbiter program should include an active 
radar satellite as well as the proposed photographic system, 
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G. At present the only ground-based method of probing 
the variation of the surface material with depth seems to be 
radar studies as a function of wavelength and polarization. 
Such studies thus far have been carried out in detail only 
for 23 cm wavelength and should be carried out for additional 
wavelengths 
H. The infrared data indicate regions of high thermal 
transport (harder regions) which overlap, within limits of 
resolution, regions of high radar reflectivity. The experi- 
mental results of these two programs should be examined to 
obtain a common surface model paying particular attention to 
the difference in predictions based on a homogeneous or 
nonhomogeneous surface and on a layered or a graded surface. 
I. The proposed thermal mechanism of lunar luminescence 
suggests under what conditions this effect should be observ- 
able. 
to test this model and to indicate possible variations of the 
mineral content on the surface. 
Systematic ground-based observations should be made 
J. Much has been said concerning laser beams to probe 
the contour of the lunar surface to determine its gross figure. This 
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experiment a t  t h e  present would require an advance i n  laser 
technology and its  successful conclusion would not contribute 
greatly t o  answering urgent questions about the lunar surface. 
Information obtained from the  lunar orbiter w i l l  be far more 
useful .  Such a program, therefore, should not be undertaken a t  
this time. 
11. A s p e c t s  and  Comments on P r e s e n t  Knowledge o f  t h e  Lunar 
S u r f a c e  
A .  I n t r o d u c t i o n  
The spec t rum of  models p roposed  f o r  t h e  l u n a r  s u r f a c e  
r a n s e s  from a s u r f a c e  e n t i r e l y  cove red  by a d u s t  l a y e r  o f  
v a r y i n g  th i ckness  t o  a s u r f a c e  w h i c h  i s  c o m p l e t e l y  v o l c a n i c  i n  
o r i g i n .  The r e a s o n i n g  and c o n c l u s i o n s  made by v a r i o u s  worke r s  
i n  t h i s  f i e l d  are  o f t e n  c o m p l e t e l y  c o n t r a d i c t o r y .  I n  t h i s  
s e c t i o n  an  o u t l i n e  o f  c o n c l u s i o n s  drawn from o b s e r v a t i o n  
will b e  p r e s e n t e d  and d i s t i n c t i o n  w i l l  be made be tween t h o s e  
c o n c l u s i o n s  s u p p o r t e d  d i r e c t l y  by e v i d e n c e  and t h o s e  l e s s  c e r -  
t a i n  which a re  c h i e f l y  an  o p i n i o n  and i n f e r e n c e .  
I n  c o n s i d e r i n g  t h e  l u n a r  s u r f a c e  it must  be r e a l i z e d  
t h a t  up  t o  t h e  p r e s e n t  a l l  d a t a  a v a i l a b l e  c o n c e r n i n g  t h e  l u n a r  
s u r f a c e  were o b t a i n e d  t h r o u g h  remote s e n s i n g .  For t h e  p u r p o s e  
o f  p l a n n i n g  a l u n a r  l a n d i n g ,  i t  i s  u n f o r t u n a t e  t h a t  t h e  c o u p l i n g  
o f  e l e c t r o m a g n e t i c  r a d i a t i o n  t o  s o l i d s  samples  t h e i r  d i e l e c t r i c  
and n o t  m e c h a n i c a l  p r o p e r t i e s .  The lack o f  a t m o s p h e r e  and t h e  
p r e s e n c e  of a f l u x  o f  m i c r o m e t e o r i t e s  produce  c o n d i t i o n s  w h i c h  
a r e  s u f f i c i e n t l y  d i f f e r e n t  from most  l a b o r a t o r y  e x p e r i e n c e s  
t h a t  c o n c l u s i o n s  drawn from ana logy  a re  h i g h l y  q u e s t i o n a b l e ,  I t  
i s ,  t h e r e f o r e ,  u s e f u l  t o  examine c r i t i c a l l y  t h e  o b s e r v a t i o n s  
and  t h e  c o n c l u s i o n s  t h a t  can be made. 
H i s t o r i c a l l y ,  t h e  o p t i c a l  t e l e s c o p e  h a s  been  u s e d  t o  
e s t a b l i s h  g r o s s  t o p o g r a p h i c  f e a t u r e s .  The h i g h  r e s o l u t i o n  
cameras u s e d  i n  t h e  Ranger m i s s i o n s  p e r m i t  mapping o f  t o p o -  
g r a p h i c  c o n t o u r s  and o b t a i n i n g  f r e q u e n c i e s  o f  o c c u r r e n c e  o f  
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v a r i o u s  f e a t u r e s  down t o  p e r h a p s  one meter. N e v e r t h e l e s s ,  no 
c o n c l u s i o n s  a b o u t  t h e  p h y s i c a l  n a t u r e  o f  t he  Moon c a n  be made 
w i t h o u t  d rawing  on a n a l o g i e s  w i t h  t e r r e s t r i a l  c o n d i t i o n s .  
The measurements  o f  s c a t t e r i n g  and p o l a r i z a t i o n  of 
ref lected s u n l i g h t  as a f u n c t i o n  o f  wave leng th  y i e l d  s u r f a c e  
d e n s i t y  and p a r t i c l e  s i ze ,  These r e s u l t s  l e a d  w i t h o u t  q u e s t i o n  
t o  a sur face  c o v e r e d  w i t h  a v e r y  f i n e  d u s t ,  f i n e r  t h a n  is 
e n c o u n t e r e d  i n  t h e  l i g h t e s t  known s a n d y  t e r r a i n .  
The a b s o l u t e  magn i tude  of  t h e  t h e r m a l  e m i s s i o n  d e t e c t e d  
i n  the i n f r a r e d  r e g i o n  or t h e  s p e c t r u m  c a n  be used  t o  e s t a b l i s h  
t h e  s u r f a c e  t e m p e r a t u r e  o f  t h e  Moon. From t h e  v a r i a t i o n  of  
t h i s  e m i s s i o n  d u r i n g  a l u n a r  e c l i p s e  t h e  t h e r m a l  i n e r t i a  of t h e  
f i r s t  centimeter c a n  be  i n f e r r e d ,  These  r e s u l t s  s u g g e s t  t h a t  
t h e  v e r y  p o r o u s  low d e n s i t y  mater ia l  e x t e n d s  a t  l e a s t  t o  a b o u t  
1 cm. D e t e c t i o n  of t h e  e m i s s i o n  a t  r a d i o  f r e q u e n c i e s  c a n  a l s o  
be u s e d  t o  e s t a b l i s h  a t e m p e r a t u r e .  I n  t h i s  case t h e  d e p t h  
sampled  is comparab le  t o  a wave leng th  which f o r  t h e  f r e q u e n c i e s  
u s e d  i s  s e v e r a l  c e n t i m e t e r s .  These r e s u l t s  a l s o  i n d i c a t e  a v e r y  
low d e n s i t y  mater ia l  . 
The r e f l e c t i o n  of r a d a r  p u l s e s  from t h e  Moon d i r e c t l y  
m e a s u r e s  t h e  d i e l e c t r i c  c o n s t a n t  and  i n f e r s  a "smoothness"  and 
d e n s i t y  of  t h e  s u r f a c e .  
i s  t h e  a v e r a g e  o v e r  a b o u t  a meter d e p t h  o f  mater ia l .  
e x p e r i m e n t s  show t h a t  t h e  l u n a r  s u r f a c e  material  h a s  a low 
d i e l e c t r i c  c o n s t a n t  which when compared t o  E a r t h  r o c k s  i m p l i e s  
a low d e n s i t y .  The v a l u e  o f  p o r o s i t y  (i'.e. f r a c t i o n  of  v o i d s )  
I n  t h i s  case t h e  d i e l e c t r i c  c o n s t a n t  
These  
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t h u s  o b t a i n e d  i s  0,7 which i s  c o n s i d e r a b l y  h i g h e r  t h a n  t h a t  
o f  s a n d ,  The r a d a r  r e f l e c t i o n  h a s  been  a l s o  u s e d  t o  i n f e r  
"smoothness ."  T h i s  t y p e  of  a n a l y s i s  i s  p o s s i b l e ,  b u t  u n i q u e -  
n e s s  h a s  n o t  been  e s t a b l i s h e d .  
I n  summary, t h e  e s t a b l i s h e d  methods o f  o b s e r v i n g  t h e  
l u n a r  s u r f a c e - - o p t i c a l ,  r a d a r ,  i n f r a r e d ,  and  r a d i o  e m i s s i o n - - d o  
n o t  p e r m i t  d r a w i n g  d i r e c t  d e f i n i t e  c o n c l u s i o n s  a b o u t  t h e  s t r e n g t h  
o f  t h e  s u r f a c e .  Estimates b a s e d  on t h e  a s s u m p t i o n  o f  a weakly 
c o h e r e n t  mic ron  s i z e  d u s t  g i v e  a lower l i m i t  a p p r o x i m a t e l y  
6 gr/cm2 (12 l b / f t  ) and a v a l u e  t e n  times h i g h e r  f o r  a more 
s t r o n g l y  bonded ( p a r t i a l l y  s i n t e r e d )  d u s t .  For h i g h e r  l o a d s  
s i n k i n g  w i l l  commence. 
2 
B .  D i s c u s s i o n  
1 S u r f a c e  Topography 
The surface topography  h a s  b e e n  t h e  s o u r c e  o f  
t h e  most  extreme c o n f l i c t s  i n  t h e  i n t e r p r e t a t i o n  o f  l u n a r  
o b s e r v a t i o n s ,  The f u n d a m e n t a l  f a c t s  which must  be  u n d e r s t o o d  
are t h e  e x i s t e n c e  of l a r g e ,  f l a t t i s h ,  d a r k  lowlands  o r  Maria; 
t h e  e x i s t e n c e  o f  more r u g g e d ,  b r i g h t e r  h i g h l a n d s ;  t h e  e x i s t e n c e  
i n  b o t h  t h e s e  a r eas  o f  v a s t  numbers of c r a t e r s  e x t e n d i n g  i n  
s i z e  f rom h u n d r e d s  o f  k i l o m e t e r s  t o  meters; t h e  m o r p h o l o g i c a l  
f e a t u r e s  o f  t h e s e  c r a t e r s  ( t h e  v a r i o u s  s h a p e s  o f  c r a t e r  rims 
a n d  c ra te r  bo t tom c o n t o u r s ,  t h e  c r a t e r  o u t l i n e s  and r e l i e f ,  t h e  
l o n g  l i n e a r  d e p r e s s i o n s  i n  some c r a t e r  i n t e r i o r s ,  t h e  e x i s t e n c e  
of r a d i a l  r a y s  e x t e n d i n g  many d i a m e t e r s  f rom some c ra te rs ,  e t c . )  
a n d  o t h e r  g e n e r a l  p a t t e r n s  s u c h  as  r e g i o n s  o f  d i f f e r i n g  c o l o r  
/ 
I 
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i n  Maria and t h e  a p p a r e n t  l o c a l  p r e f e r r e d  d i r e c t i o n s  f o r  l i n e a r  
f e a t u r e s .  On E a r t h ,  t o p o g r a p h y  h a s  been  shaped  by c a s t r o p h i c  
v o l c a n i m s ,  and l a t e r  by t h e  a t m o s p h e r i c  and h y d r o s p h e r i c  e r o s i o n .  
To a l e s s e r  e x t e n t ,  t h e  E a r t h  a l s o  b e a r s  t h e  marks o f  m e t e o r i t e  
bombardment. 
The o r i g i n s  which have  been  s u g g e s t e d  f o r  
c r a t e r s  a r e  a )  v o l c a n i s m  and a s s o c i a t e d  g e o l o g i c a l  a c t i v i t y ,  
and  b )  m e t e o r i c  i m p a c t s  ( w i t h  p o s s i b l e  s e c o n d a r y  impac t  f rom 
e j e c t a ) .  The o n l y  e v i d e n c e s  o f  o r i g i n  a re  t h e  number o f  
c r a t e r s  and the i r  morphology.  The number and s i ze  d i s t r i b u t i o n  
o f  c r a t e r s  s m a l l e r  t h a n  1 0  k i l o m e t e r s  i s  i n  a p p r o x i m a t e  a g r e e -  
m e n t  w i t h  t h e  c u r r e n t  r a t e  o f  m e t e o r i c  i m p a c t s  on E a r t h  and 
t h e  a g e  of t h e  Moon, Volcanism,  on t h e  o t h e r  hand ,  d o e s  n o t  
p r o v i d e  means o f  p r e d i c t i n g  t h e  number o r  s i ze  d i s t r i b u t i o n .  
The  s c a l e  of  t y p i c a l  l u n a r  c ra te rs  i s  a b o u t  t e n  times l a r g e r  
t h a n  t h a t  o f  known l a r g e  E a r t h  c a l d e r a .  
Some c r a t e r s  have  r a i s e d ,  hummocky rims, w h i l e  
o t h e r s  have s o f t e r ,  rounded  f e a t u r e s .  T h i s  c o u l d  be  due  t o  
a )  e r o s i o n  o r  b)  d i f f e r e n t  o r i g i n  f o r  d i f f e r e n t  fo rms  of  
c r a t e r s  ( e . g . ,  m e t e o r i c  i m p a c t s  f o r  r a i s e d  rim cra te rs ,  and 
s e c o n d a r y  i m p a c t s  a n d / o r  s lumping  f o r  s o f t e r  f e a t u r e s ) .  
E r o s i o n  r e q u i r e s  a n  e r o s i o n  mechanism w h i l e  s lumping  r e q u i r e s  
a weak s u b - s u r f a c e  s t r u c t u r e ,  ( e . g . ,  v o i d s  i n  lava f l o w ) .  
An es t imate  o f  t h e  minimum amount o f  e r o s i o n  p o s -  
s i b l e  d u r i n g  t h e  
m e t e o r  i n f a l l  r a t e  on E a r t h .  A t  l eas t  a meter d e p t h  o f  t h e  sur face  
Lifetime of t h e  Moon c a n  be  made from t h e  
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would have been  broken  i n t o  r u b b l e  by t h i s  means and the  uppe r  
few c e n t i m e t e r s  would have been  p u l v e r i z e d  by m i c r o m e t e o r i t e s ,  
The  m i c r o m e t e o r i t i c  bombardment a l o n e  g u a r a n t e e s  t he  p r e s e n c e  
o f  a t  l e a s t  a t h i n  " d u s t t t  c o v e r  of v e r y  small p a r t i c l e s .  
C o n s e r v a t i o n  o f  e n e r g y  demands t h a t  most o f  t h i s  r u b b l e  d o e s  n o t  
e s c a p e  f rom t h e  bloon. There  a re  o t h e r  e r o s i o n  mechanisms f o r  
s o f t e n i n g  l u n a r  f e a t u r e s ,  such  as w e a t h e r i n g  of rock  unde r  t h e  
i n f l u e n c e  o f  u l t r a v i o l e t  l i g h t ,  the s o l a r  wind bombardment and 
extreme t e m p e r a t u r e  c y c l i n g .  The ra ther  s m a l l  r e l i e f  o f  most 
l a r g e  c r a t e r s  i s  t h e  s t r o n g e s t  s u p p o r t  f o r  a m a j o r  e r o s i o n  
mechanism. 
The Maria and many l a r g e  c r a t e r s  have  f l o o r s  gen-  
e r a l l y  v e r y  f l a t ,  and a p p a r e n t l y  cove red  w i t h  a f low o f  some 
k i n d  of material  d i f f e r e n t  from the h i g h l a n d  m a t e r i a l ,  T h i s  
ma te r i a l  c o u l d  be  a )  t h e  p r o d u c t  o f  e r o s i o n ,  c h i e f l y  d u s t  o r  
b)  t h e  p r o d u c t  o f  v o l c a n i s m ,  lava a n d / o r  a s h  f l o w s .  (Lava 
s u r f a c e s  p roduced  i n  t h e  a b s e n c e  o f  an a tmosphe re  are  e x p e c t e d  
t o  be v e r y  d i f f e r e n t  from t h o s e  produced on  E a r t h . )  C o l o r  d i f -  
f e r e n c e s  i n  t h e s e  r e g i o n s  have been e i t h e r  p r e s e r v e d  o r  g e n e r a t e d  
b y  the  s u r f a c e  m a t e r i a i .  An e i e c t m s t a t i c  mechi i i i i~f i  ~f 
l e v i t a t i n g  d u s t  t o  a l l o w  e r o s i o n  and d u s t  m i g r a t i o n  h a s  been sug- 
g e s t e d  b u t  i t  c o u l d  suspend o n l y  e x t r e m e l y  small p a r t i c l e s .  
The e x i s t e n c e  of  l o n g ,  s o f t  s h o u l d e r e d ,  l i n e a r  
d e p r e s s i o n s  on c r a t e r  f l o o r s  and t h e i r  a l i g n m e n t  w i t h  r e s p e c t  t o  
c r a t e r  rims and o t h e r  f e a t u r e s  has  g e n e r a l l y  been  t a k e n  t o  i n d i c a t e  
t h a t  s u c h  f e a t u r e s  a re  a n a t u r a l  r e su l t  o f  s u b s u r f a c e  s t r u c t u r e  and 
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movement. Such f e a t u r e s  c o u l d  r e s u l t  from vo lcan i sm o r  from 
s t r e s s  d u e  t o  a chang ing  l u n a r  r o t a t i o n  s p e e d .  Slump f e a t u r e s  
c o u l d  be due t o  t h e  wi thd rawa l  of magma, t h e  a p p e a r a n c e  o r  t h e  
d i s a p p e a r a n c e  of i c e ,  o r  t h e  f a i l u r e  of  weak rock ( e . g . ,  an 
unde rdense  l a v a )  
Many a s s o c i a t i o n s  p r e s e n t  i n  t e r r e s t r i a l  
c a l d e r a  a r e  p r e s e n t  i n  t h e  g e n e r a l  f e a t u r e s  of l a v a  c r a t e r s ,  
e . g . ,  a s s o c i a t e d  c r a t e r l e t s  a round t h e  i n n e r  edge of  a c r a t e r ;  
c r a t e r  peaks ,  e t c .  The h i g h  deg ree  of c i r c u l a r i t y  p o s s e s s e d  
by  most o f  t h e  l u n a r  c r a t e r s ,  e s p e c i a l l y  t h e  l a r g e r  ones ,  i s  n o t  
t y p i c a l  o f  E a r t h  c a l d e r a .  
B r i g h t  r a y s  o f t e n  e x t e n d  many c r a t e r  d i a m e t e r s  
from a c r a t e r .  These r a y s  have been c o n s i d e r e d  a s  e i t h e r  a )  l a v a  
o r  a sh  f lows ,  o r  b) t h e  p a t t e r n  of e j e c t a  from an impact  c r a t e r .  
Ranger pho tographs  i n d i c a t e  t h e  p r e s e n c e  of swarms o f  s o f t -  
s h o u l d e r e d  c r a t e r s  i n  t h e s e  r a y s .  D i s c u s s i o n s  based  on f low 
p a t t e r n s  o r  p r o j e c t i l e  b a l l i s t i c s  f o r  p a r t i c u l a r  r a y s  a r e  u s e f u l ,  
b u t  a l l  r a y  e f f e c t s  a r e  n o t  n e c e s s a r i l y  of  one o r i g i n .  
The f o l l o w i n g  d e s c r i p t i o n  w i l l  a c c o u n t  f o r  a l l  
t h e  g e n e r a l  t o p o g r a p h i c a l  f e a t u r e s ,  i n c l u d i n g  t h e  few e x i s t i n g  
q u a n t i t a t i v e  d a t a :  
The p r i m a r y  s o u r c e  o f  c r a t e r s  i s  m e t e o r i c  
impac t .  Magmatic a c t i v i t y  has  a l s o  been 
p r e s e n t  on t h e  Moon; t h e  f i l l i n g  o f  t h e  
"o lde r "  f l a t  c r a t e r  bo t toms  and Maria 
. i s  due t o  l a v a .  The l i n e m e n t s  and slump 
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f c a t u r e s  a r e  due t o  t h i s  magmatic  a c t i v i t y .  
E r o s i o n  by bombardment rounds  o f f  a1  1 
f e a t u r e s  o f  t h e  o r d e r  o f  a few meters,  
and h a s  produced  a g e n e r a l  l a y e r  o f  
r u b b l e  and d u s t  whose t h i c k n e s s  depends  
on t h e  age  o f  t h e  a r e a .  For o l d  a r eas ,  
t h i s  s h o u l d  be  t h e  o r d e r  o f  a meter, 
and t h e  t o p  o f  t h i s  l a y e r  i s  a v e r y  
f i n e l y  d i v i d e d  mater ia l .  
2 .  Photometry  and P o l a r i m e t r y  
Most r e g i o n s  o f  t h e  Moon are  b r i g h t e s t  a t  f u l l  
Noon, and t h e  Moon as  a whole looks  u n i f o r m l y  b r i g h t .  The back-  
s c a t t e r  peak  i s  an  e f f e c t  o f  shadow. The i n t e r p r e t a t i o n  o f  t h i s  
s h a r p n e s s  r e q u i r e s  a m a t e r i a l  which i s  90-98% empty s p a c e ,  and 
t h e s e  empty  s p a c e s  must  be i n t e r c o n n e c t e d  and t h e  m a t e r i a l  
i t s e l f  must  b e  opaque.  The p o l a r i z a t i o n  o f  t h e  r e f l e c t e d  sun-  
l i g h t  f rom t h e  Moon h a s  been  measured a s  a f u n c t i o n  of  l u n a r  
p h a s e .  I t  i s  i n t e r p r e t e d  as an e f f e c t  o f  t h e  f i n i t e  wave leng th  
of  l i g h t .  I t  p r o v i d e s  a measure of t h e  l i n e a r  d imens ion  o f  t h e  
p a r t i c l e s  of fiiaiieiits sf *,his m a t e r i a l  which tcrnc:  nut t o  he 
t h e  o r d e r  of cm. The c o l o r  and a l b e d o  o f  t h e  l u n a r  s u r -  
face  i s  t o o  s t r o n g l y  i n f l u e n c e d  by t h e  s o l a r  wind t o  y i e l d  
r e l i a b l e  c o n c l u s i o n s  a b o u t  t h e  chemica l  n a t u r e  of  t h e  ma te r i a l .  
N h i l e  t h e  c o n c l u s i o n s  from t h e  pho tomet ry  and p o l a r i z a t i o n  
s t u d i e s  seem s e c u r e , ,  t h e  measurements  r e f e r  o n l y  t o  a n  o p t i c a l  
d e p t h ,  a d i s t a n c e  o f  a b o u t  1 0  cm. - 2  
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3 .  I n f r a r e d  and Microwave Emiss ion  Measurements 
The i n f r a r e d  measurements  d e t e r m i n e  t h e  t empera -  
t u r e  w i t h i n  10'' cm o f  t h e  s u r f a c e .  
e r a t u r e  as  a f u n c t i o n  o f  time d u r i n g  v a r y i n g  i l l u m i n a t i o n  con-  
d i t i o n s  p r o v i d e s  a measu re  o f  " k p c . "  T h i s  p a r a m e t e r  is  c o n n e c t e d  
b o t h  t o  the f i l l i n g ,  d e c r e a s i n g  as  t h e  empty s p a c e  i n c r e a s e s ,  
and a l s o  t o  t h e  d e g r e e  o f  c o n t a c t  be tween p a r t i c l e s ,  d e c r e a s i n g  
as t h e  c o n t a c t  d e c r e a s e s .  While a s i m p l e  i n t e r p r e t a t i o n  of a l l  
s u c h  r e s u l t s  has n o t  y e t  been p o s s i b l e ,  o f  t y p i c a l  l u n a r  
a r e a s  i s  abou t  a f a c t o r  o f  3 0  smaller t h a n  f o r  s o l i d  r o c k s .  From 
t h e s e  i n f r a r e d  measurements  one c a n  i n f e r  k p c  a p p r o p r i a t e  
t o  t h e  f i r s t  few c e n t i m e t e r s  o f  mater ia l .  The e v i d e n c e  o b t a i n e d  
f o r  a second d e e p e r  and  d e n s e r  s u r f a c e  from a t t e m p t i n g  t o  f i t  
c o o l i n g  c u r v e s  i s  n o t  c o n c l u s i v e .  A mate r i a l  c o n s i s t i n g  of 
p e r h a p s  70% empty s p a c e ,  and  n o t  t o o  wel l  bonded ( e . g .  c r u s h e d  
b a s a l t )  would b e  c o n s i s t e n t  w i t h  t h e  o b s e r v e d  k p c .  
A s t u d y  o f  t h e  s u r f a c e  temp- 
Microwave e m i s s i o n  measu remen t s  a l s o  y i e l d  a 
l u n a r  t e m p e r a t u r e ,  b u t  t h e  e f f e c t i v e  d e p t h  o f  t h i s  t e m p e r a t u r e  
i s  i n  t h i s  case a few c e n t i m e t e r s .  The re  i s  u n f o r t u n a t e l y  no 
- a p r i o r i  method o f  d e t e r m i n i n g  f rom E a r t h  t h e  e f f e c t i v e  m i c r o -  
wave d e p t h  i n  l u n a r  mater ia l .  Whi le  t h i s  h a s  l i m i t e d  t h e  
q u a n t i t a t i v e  i n t e r p r e t a t i o n ,  t h e s e  d a t a  d o  n o t  c o n t r a d i c t  t h e  
i n f r a r e d  work. Microwave e m i s s i o n  h a s  a l s o  b e e n  i n t e r p r e t e d  t o  
o b t a i n  t h e  d i e l e c t r i c  c o n s t a n t  ( s e e  a l s o  P a r a .  5). 
The ' i n f r a r e d  measurements  d e m o n s t r a t e  t h e  
ex i s t ence  of small areas which h e a t  and c o o l  more s l o w l y  t h a n  
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t y p i c a l  l u n a r  ma te r i a l .  These a r e a s  c a n  be  i d e n t i f i e d  a s  s m a l l  
s h a r p  c r a t e r s  w h i c h  a p p e a r  o p t i c a l l y  b r i g h t  and u s u a l l y  have 
r a i s e d  rims. 
a t  l e a s t  t o  a d e p t h  o f  t h e  o r d e r  o f  a c e n t i m e t e r .  The p h y s i c a l  
a s p e c t  o f  s u c h  c r a t e r s  h a s  sometimes been d e s c r i b e d  as " l o o k i n g  
young . 
These a reas  a r e  i n  some s e n s e  more t i g h t l y  packed ,  
I 1  
4 .  Celes t ia l  Mechanics O b s e r v a t i o n  
The a n a l y s i s  o f  l u n a r  dynamics h a s  g i v e n  good 
v a l u e s  f o r  t h e  mean l u n a r  d e n s i t y  and f o r  t h e  r a t i o s  o f  t h e  
t h r e e  l u n a r  moments o f  i n e r t i a  and a n  a p p r o x i m a t e  v a l u e  f o r  t h e  
a b s o l u t e  v a l u e  o f  t h e  moment o f  i n e r t i a .  A l l  t he se  a re  o f  
g r e a t  i n t e r e s t  i n  t h e  geo logy  of  t h e  Moon. O f  t h e s e ,  t h e  mean 
mass i s  p r o b a b l y  t h e  most  s i g n i f i c a n t  a t  p r e s e n t ,  f o r  it g i v e s  
a n  i n d i c a t i o n  o f  t h e  elemental  c o m p o s i t i o n  of  t h e  Moon, i t s  
r a d i o a c t i v e  h e a t  g e n e r a t i o n ,  and t h e r e f o r e  on t h e  p o s s i b i l i t y  of 
1 l u n a r  m e l t i n g .  Al though t h i s  has been  a s u b j e c t  of some c o n t r o -  
I 
v e r s y ,  i t  now seems i m p o s s i b l e  t o  a v o i d  a Moon w h i c h  was 
p a r t i a l l y  m e l t e d  and had t h e  p o s s i b i l i t y  of v o l c a n i s m  d u r i n g  i t s  
1 l i f e t i m e .  A b e t t e r  knowledge o f  t h e  a b s o l u t e  moment of  i n e r t i a  
would g i v e  much needed a d d i t i o n a l  i n f o r m a t i o n  a b o u t  t h e  i n t e r n a l  
s t r u c t u r e  o f  t h e  Moon. 
5. Radar  S t u d i e s  
P r e s e n t - d a y  r a d a r  t e c h n i q u e s  a l l o w  a map of  t h e  
r a d a r  b r i g h t n e s s  o f  t h e  Moon t o  be c o n s t r u c t e d  a t  a r e s o l u t i o n  
c a p a b l e  of  o b s e r v i n g  g e o g r a p h i c a l  l u n a r  f e a t u r e s .  The r a d a r  
b r i g h t n e s s  is .  measured a t  b a c k s c a t t e r  ( t r a n s m i t t e r - b l o o n -  
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r e c e i v e r  a n g l e  of z e r o )  and r e t u r n  s t r e n g t h  i s  r e l a t e d  t o  t h e  
d i e l e c t r i c  c o n s t a n t ,  which g i v e s  a measure  o f  t h e  l u n a r  d e n s i t y ,  
and t o  t h e  s u r f a c e  r o u g h n e s s .  The d i e l e c t r i c  c o n s t a n t ,  as 
measu red  from t h e  o v e r a l l  r a d a r  r e t u r n ,  is c o n s i s t e n t  w i t h  a 
l u n a r  s u r f a c e  c o n s i s t i n g  7 0 %  o f  v o i d s .  
l e n g t h s  o v e r  which t h e  d a t a  have  been  o b t a i n e d  s u g g e s t  t h a t  t h i s  
f i g u r e  i s  a p p r o p r i a t e  t o  a t  l e a s t  t h e  f i r s t  50  cm. 
e f f e c t i v e l y  d o e s  n o t  see t h e  o p t i c a l  l a y e r . )  
o f  s u r f a c e  s l o p e s  h a s  been o b t a i n e d .  
n o t ,  u n f o r t u n a t e l y ,  g i v e  much i n d i c a t i o n  of  t h e  t o p o g r a p h y .  
A c e r t a i n  p e r c e n t a g e  o f  " s u r f a c e  r o u g h n e s s "  i s  deduced  b u t  
whe the r  t h i s  r o u g h n e s s  i s  on t h e  sur face  o r  i n d i c a t e s  t h e  
p r e s e n c e  of  i n h o m o g e n e i t i e s  below t h e  s u r f a c e  c a n n o t  b e  ascer- 
t a i n e d .  P o l a r i z a t i o n  measurements  on t h e  l u n a r  l i m b s  have  been  
i n t e r p r e t e d  as  c o n s i s t e n t  w i t h  a sur face  d i e l e c t r i c  c o n s t a n t  of  
1 .8  b u t  t h e  i n t e r p r e t a t i o n  i s  n o t  u n i q u e .  
The r a n g e  o f  wave- 
(The r a d a r  
A d i s t r i b u t i o n  
Such a d i s t r i b u t i o n  d o e s  
The r a d a r  r e t u r n  from s p e c i f i c  l u n a r  r e g i o n s  
shows t h a t  s h a r p - f e a t u r e d  c r a t e r s ,  e s p e c i a l l y  r a y  c r a t e r s  a re  
o f t e n  b r i g h t  r a d a r  r e f l e c t o r s .  
c o u l d  b e  d u e  e i t h e r  t o  a n  i n c r e a s e d  s u r f a c e  r o u g h n e s s  o r  a n  
T h i s  i n c r e a s e d  b r i g h t n e s s  
i n c r e a s e d  d e n s i t y  a t  t h e  s u r f a c e .  
C .  Summary 
Undoubtedly t h e  q u e s t i o n  o f  paramount  
p r a c t i c a l  i m p o r t a n c e  of t h e  p r e s e n t  time i s  t h e  n a t u r e  and  t h e  
mechan ica l  - I .<-- - s t r e n g t h  of  t h e  l u n a r  surface i n  t h e  f l a t  r e g i o n s .  
There a r e  many o b s e r v a t i o n s  which p e r m i t  a n  es t imate  o f  t h e  
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a p p a r e n t  d e n s i t y ,  p a r t i c l e  s i z e ,  d i e l e c t r i c  c o n s t a n t ,  a n d  even  
thermal c o n d u c t i v i t y  o f  t h e  uppermost  l a y e r  of  t h e  s u r f a c e  b u t  
none o f  them l e a d  t o  a n  unambiguous e v a l u a t i o n  o f  t h e  d e g r e e  of  
c o m p a c t i o n ,  c o h e s i o n ,  and d i f f e r e n t i a t i o n  w i t h  p r o g r e s s i v e  d e p t h .  
IVithout t h e s e  no s e n s i b l e  c a l c u l a t i o n  o f  t h e  m e c h a n i c a l  p r o -  
p e r t i e s ,  a s  t h e y  e f f e c t  s o f t  l a n d i n g  and t h e  m o b i l i t y  o f  
a s t r o n a u t s ,  i s  p o s s i b l e ,  Attempts  were made t o  by -pass  t h e s e  
d i f f i c u l t i e s  by e v a l u a t i n g  i n  a s e m i - q u a n t i t a t i v e  manner c e r t a i n  
d e t a i l s  o f  t h e  Ranger p h o t o g r a p h s .  The  u n d e r l y i n g  models  a r e ,  
however ,  t o o  a r b i t r a r y  t o  c o n s i d e r  t h e  r e s u l t s  as d e f i n i t e  
i n d i c a t i o n s  of  t h e  mechan ica l  c h a r a c t e r i s t i c s  o f  t h e  s u r f a c e ,  
One c o n c l u d e s ,  t h e r e f o r e ,  t h a t  a t  p r e s e n t  we have  no r e l i a b l e  
i n f o r m a t i o n  a b o u t  t h e  m e c h a n i c a l  s t r e n g t h  of  t h e  l u n a r  s u r f a c e  
i n  t h e  f l a t  r e g i o n s  and t h a t  it i s  e s s e n t i a l  t o  make d i r e c t  
measurements .  Such measurements  c a n  be  made u s i n g  p e n e t r o -  
meters f o r  i n s t a n c e  such  as  t h o s e  most  r e c e n t l y  p roposed  by 
S a n d i a  C o r p o r a t i o n .  The p r o p o s a l  i s  p a r t i c u l a r l y  a t t r a c t i v e  
b e c a u s e  i t  s u p p l i e s  i n f o r m a t i o n  about  a whole a r e a  r a t h e r  t h a n  
a b o u t  t h e  p o i n t  of impac t  o n l y .  These measurements  s h o u l d  
p r e f e r a b l y  p r e c e d e  and a t  l e a s t  augment t h e  S u r v e y o r  and a r e  
a b s o l u t e l y  n e c e s s a r y  f o r  a sens ib le  d e s i g n  o f  LEN and f o r  t h e  
s a f e t y  o f  t h e  a s t r o n a u t s  , 
There  was and  s t i l l  i s  a c o n s i d e r a b l e  d i v e r s i t y  of  
s c i e n t i f i c  o p i n i o n  c o n c e r n i n g  t h e  p r e s e n c e  o r  a b s e n c e  o f  - d u s t  
on t h e  l u n a r  s u r f a c e .  Even among t h o s e  who a re  i n  f a v o r  of a 
d u s t  l a y e r ,  t h e r e  i s  a g r e a t  d i f f e r e n c e  i n  t h e  e s t i m a t e s  o f  t h e  
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t h i c k n e s s  of  t h i s  l a y e r  i n  t h e  f l a t  r e g i o n s .  T h i s  l a t t e r  
q u e s t i o n  i s  i n t i m a t e l y  r e l a t e d  t o  t h e  problem o f  t h e  amount 
o f  e r o s i o n  which h a s  o c c u r r e d  and o c c u r s  on t h e  Moon. Ilere 
a g a i n ,  t h e  o p i n i o n  r a n g e s  from a c o m p l e t e  n e g a t i o n  of  e r o s i o n  
t o  t h e  o p p o s i t e  extreme of c o n c l u d i n g  t h a t  t h e  e r o s i o n  was SO 
g r e a t  t h a t  t h e  r e s u l t i n g  d u s t  l a y e r  must  b e  up  t o  s eve ra l  k i l o -  
meters deep .  The s t r o n g e s t  and d e c i d i n g  q u a n t i t a t i v e  argument  
i n  f a v o r  of e r o s i o n  and  of t h e  r e s u l t i n g  d u s t  l a y e r  i s  t h e  
known i n f l u x  of m e t e o r i t e s  and m i c r o m e t e o r i t e s  and t h e  e x p e r i -  
m e n t a l l y  i n v e s t i g a t e d  r e s u l t s  of s u c h  i m p a c t s .  The p r e s e n c e  
o f  d u s t  f i n d s  c o n f i r m a t i o n  i n  t h e  p h o t o m e t r i c ,  r a d a r  and t h e r m a l  
d a t a  w h i c h  d o  n o t  seem t o  be i n  ag reemen t  w i t h  t h e  a s s u m p t i o n  
of  h i g h l y  po rous  " sponge-1 ike t t  s o l i d s .  I n  any  case, t h e  
l a t t e r  would be t u r n e d  i n t o  d u s t  by t h e  m e t e o r i t i c  i n f a l l  
i n  a v e r y  s h o r t  time. There  i s  t h u s  no d o u b t  t h a t  e r o s i o n  
ex i s t s  and  t h a t  h i g h l a n d s  are c o v e r e d  w i t h  a r e l a t i v e l y  t h i n  
l a y e r  ( a t  l eas t  s e v e r a l  m i l l i m e t e r s )  o f  r a t h e r  c o h e s i v e  d u s t .  
For t h e  same r e a s o n ,  one  i s  l e d  t o  t h e  c o n c l u s i o n  t h a t  f l a t -  
l a n d s  (Maria  and bo t toms  o f  c ra te rs )  a re  a l s o  c o v e r e d  w i t h  d u s t  
and t h a t  because  o f  much lower  s l o p e s  t h e  layer  i s  a p p r e c i a b l y  
t h i c k e r  t h a n  on t h e  h i g h l a n d s .  
o f  any  c o n s i d e r a t i o n s  c o n c e r n i n g  t h e  o r i g i n  and  na ture  of t h e  
u n d e r l y i n g  material  ( l a v a ,  i c e )  i n  t h e s e  areas .  No unambiguous 
e s t i m a t e  of t h e  d u s t  l a y e r  on t h e  f l a t l a n d s  ex i s t s  a l t h o u g h  
thermal o b s e r v a t i o n s  c l e a r l y  i n d i c a t e  t h a t  c e r t a i n  s p e c i f i c  
a r e a s  a r e  r a t h e r  b a r e .  These c a n  b e  i d e n t i f i e d  by l a r g e  t h e r m a l  
T h i s  c o n c l u s i o n  is i n d e p e n d e n t  
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i n e r t i a  a n d  t h e y  a r e  u s u a l l y  a s s o c i a t e d  w i t h  " c r i s p "  b r i g h t ,  
"new" c r a t e r s  o f  v a r i o u s  s i ze s .  No c o n v i n c i n g  arguments  seem 
t o  e x i s t  a g a i n s t  e r o s i o n  and a g a i n s t  t h c  p r e s e n c e  o f  a t  l e a s t  
some d u s t .  C o n s i d e r a t i o n s  based  on c r a t e r  c o u n t s  a r e  weak 
b e c a u s e  o f  t h e  a m b i g u i t y  of  t h e  c r i t e r i a  used  i n  t h e  c r a t e r  
s e l e c t i o n  f o r  s t a t i s t i c a l  methods .  
Another  problem a b o u t  w h i c h  many c o n t r a d i c t o r y  
s t a t e m e n t s  have been made is  t h e  q u e s t i o n  w h e t h e r  t h e  Moon 
c v e r  was o r  s t i l l  i s  h o t  o r  mol ten  i n s i d e .  The a rgumen t s  
f o r  and a g a i n s t  t h i s  v o l c a n i s m  a r e  u s u a l l y  q u a l i t a t i v e  and 
h i g h l y  s u h j e c t i v e ,  E s p e c i a l l y  t h o s e  based  on a n a l o g y  w i t h  
t e r r e s t r i a l  f e a t u r e s  a r e  s u b j e c t  t o  doubt  b e c a u s e  of a d i f -  
f e r c n c e  o f  o r d e r s  o f  magni tude  i n  s i z e  and because  o f  t h e  
known r a p i d  e r o s i o n  on E a r t h .  The c i r c u l a r i t y  o f  l u n a r  c r a t e r s  
o r  i t s  a b s e n c e ,  t h e  c e n t r a l  f e a t u r e s  i n  c r a t e r s ,  t h e  p r e s e n c e  
I o r  a b s e n c e  o f  a c o r r e l a t i o n  between c r a t e r s ,  t h e i r  s ize  and 
o t h e r  f e a t u r e s  i s ,  a t  p r e s e n t ,  t o o  q u a l i t a t i v e  t o  be  c o n v i n -  
c i n g  one  way o r  a n o t h e r .  The  s t r o n g e s t  a rgumen t s  i n  f a v o r  of ' 
a h o t  Moon and o f  some v o l c a n i c  a c t i v i t y  are  a )  v a r i o u s  numerous 
cracks and  f a u l t s  i n  t h e  l u n a r  s u r f a c e  which seem n o t  t o  bear 
a n y  r e l a t i o n  t o  c r a t e r s  h )  s t r i k i n g  d i f f e r e n c e s  i n  c o l o r  and 
t h e i r  r e l a t i v e l y  s h a r p  b o u n d a r i e s  w i t h i n  Maria and c) t h e o r e t i c a l  
c a l c u l a t i o n s  b a s e d  on a v a r i e t y  of p l a u s i b l e  a s s u m p t i o n s  c o n c e r n i n g  
t h e  h i s t o r y  and t h e  r a d i o a c t i v e  c o m p o s i t i o n  o f  t h e  Moon. 
N h i l e  t h e  s p e c t r u m  0.f e v i d e n c e  f o r  and a g a i n s t  v o l c a n i s m  i s  wide 
and  d i v e r s i f i e d ,  t h e  we igh t  o f  e v i d e n c e  p r e s e n t l y  a v a i l a b l e  seems 
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t o  l e a n  towards  a h o t  Moon and towards  a c e r t a i n  amount of 
r e s t r i c t e d  v o l c a n i c  a c t i v i t y .  The bo t toms  o f  many c r a t e r s ,  
e s p e c i a l l y  t h e  l a r g e r  o n e s ,  a r e  u n d o u b t e d l y  f i l l e d  w i t h  l a v a  
a l t h o u g h  t h e  c ra te rs  t h e m s e l v e s  are m e t e o r i t i c  i n  o r i g i n .  
The c h o i c e  o f  a n  a p p r o p r i a t e  place t o  s o f t  l a n d  on 
t h e  Moon i n v o l v e s  s eve ra l  c o n s i d e r a t i o n s .  O b v i o u s l y ,  one 
s h o u l d  choose  a p l a c e  which i s  p o s s i b l y  s a fe  f o r  t h e  
a s t r o n a u t s  r a t h e r  t h a n  one  which i s  c l o s e  t o  some i n t e r -  
e s t i n g  f e a t u r e s .  While h i g h l a n d s  a re  p r o b a b l y  h a r d  r o c k ,  
t h e  e v i d e n c e  i n d i c a t e s  t h e y  a re  c o v e r e d  w i t h  a low p o r o s i t y  
mater ia l  ( d u s t ) .  I n  any case,  t h e i r  unevenness  seems t o  
i n v o l v e  t o o  much o f  a r isk f o r  a l a n d i n g  s i t e .  
t w o  k i n d s  o f  a r eas  a re  t h e  Maria and t h e  b o t t o m s  o f  c r a t e r s .  
The n a t u r e  o f  t h e  Maria and t h e  d e p t h  and s t r e n g t h  o f  t h e  
p r o b a b l y  q u i t e  t h i c k  d u s t  l a y e r  a re  a t  p r e s e n t  t o o  p o o r l y  
known t o  p r o v i d e  a s u f f i c i e n t  f a c t o r  o f  s a f e t y .  T h i s  con-  
c l u s i o n  cou ld  be  changed of c o u r s e  i f  d e f i n i t e  and f a v o r a b l e  
i n f o r m a t i o n  were t o  be o b t a i n e d  from p e n e t r o m e t e r s  a s  dis- 
c u s s e d  above ,  Thus,  a t  p r e s e n t  t h e  f l o o r s  o f  c r a t e r s  seem 
t o  o f f e r  t h e  b e s t  p o s s i b i l i t y  f o r  m i n i m i z i n g  t h e  d a n g e r s  of  
a deep  l o o s e  d u s t  l a y e r .  
one s h o u l d  use t o p o g r a p h i c a l  and  t h e r m a l  c r i t e r i a .  
f e a t u r e s  which a p p e a r  t o  be i n d i c a t i v e  o f  low e r o s i o n  and t h u s  
o f  a r e l a t i v e l y  t h i n  d u s t  l a y e r  a re  f o r  example  " c r i s p n e s s "  
and b r i g h t n e s s  of  t h e  c r a t e r  r i m  a n d  a s i z e  be tween 50 and 100 
meters. The  lower  s i z e  l i m i t  i s  s u g g e s t e d  t o  f a c i l i t a t e  a 
The o t h e r  
I n  o r d e r  t o  make t h e  r i g h t  c h o i c e ,  
T o p o g r a p h i c a l  
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p r o p e r  l a n d i n g  and t o  p r o v i d e  e a s y  access  t o  t h e  rim. The 
u p p e r  l i m i t  came from t h e  p r e f e r e n c e  f o r  a c r a t e r  which i s  n o t  
f i l l e d  w i t h  l a v a  which m y  have  been p u l v e r i z e d  t o  a l a r g e  
d e p t h .  The t h e r m a l  c r i t e r i o n  i s  r e l a t e d  t o  t h e  s t r i k i n g l y  
h i g h  t h e r m a l  i n e r t i a  o f  c e r t a i n  c r a t e r s  which a re  u s u a l l y  
b u t  n o t  a lways  of t h e  " c r i s p "  b r i g h t  k i n d  men t ioned  p r e -  
v i o u s l y .  I t  i s  a l m o s t  c e r t a i n  t h a t  a l o c a l  h i g h  t h e r m a l  i n e r t i a  
i s  i n d i c a t i v e  of  a t h i n  d u s t  l a y e r  which e x p o s e s  t h e  u n d e r l y i n g  
r o c k  and p e r m i t s  o b s e r v i n g  i t s  d i f f e r e n t  t h e r m a l  c h a r a c t e r i s t i c s .  
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111, SUMMARY OF RESEARCH CONTRIBUTIONS 
(Note: The following comments pertain to research contributions 
prepared by "TYCHO" Study Group members and published as appendices 
in the Report of the August, 1965, "TYCHO" meeting - -  Report No, TG #lo) 
Nearly all present knowledge about the Moon is based on 
observation of reflected or emitted electromagnetic radiation 
(visible, infrared and radar) from its surface, The paper by 
J ,  J, Hopfield, "Interpretation of the Brightness and Polarization 
Curves of the Moon," (Appendix VII) gives a theoretical treatment 
of the backscattering and polarization of visible light at small 
phase angles, It is shown that optical data can give the density 
and particle size to an optical depth of lunar dust layer if the 
theoretical model is verified in laboratory experiments, The 
polarization curve at small angles is interpreted in terms of shadow 
effects for micron size particles rather than in terms of Miess theory, 
Present lunar data on brightness and polarization is consistent 
with the calculations for a porosity in the range of 85-98%, and 
for particle size of about 10 microns, 
Results of radar investigations are described in J ,  V, Evans' 
paper ';Radar Studies of the Moon'! (Appendix III], A t  -n*m.,l I I U  a iuaA 
incidence some 60% of the radar energy at decimeter wavelengths 
is reflected from the surface whose uppermost layer has an 
effective dielectric constant of not less than 1,8 which implies 
a porosity in the range 7 0  - 90% depending upon the nature of 
the material, For a two-layer model proposed to account for 
polarizaeion experiments the dielectric constant of the 
base layer must be 4,s - 5 , O  and the material 
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q u i t c  compacted i f  n o t  s o l i d  w h i l e  t h e  d e p t h  o f  the  uppe r  
l a y e r  must be g r e a t e r  than 2 3  cm. The lowcr boundary i s  
presumed t o  h e  r o u g h e r  t h a n  t h e  u p p e r  one and 20% o f  t h e  
b a s e  l a y e r  i s  assumed t o  be cove red  w i t h  s t r u c t u r e  o f  t h c  
o r d c r  of  t h e  wave leng th  i n  s i ze .  L i m i t a t i o n s  o f  t h e  model 
a r e  d i s c u s s e d ,  
Some o f  t h e  o b s e r v a t i o n s  d e s c r i b e d  i n  Evans '  p a p e r  
p e r t a i n  t o  r a d a r  echoes  from t h e  l u n a r  l imb .  The problems 
of t h e i r  t h e o r e t i c a l  i n t e r p r e t a t i o n  a re  d i s c u s s e d  i n  1 1 .  S u h l ' s  
p a p e r ,  "Some C o n s i d e r a t i o n s  Conce rn ing  Radar R e t u r n s  from 
t h e  Lunar Limb," (Appendix X I I ) ,  Radar b a c k s c a t t e r  o f  small 
' o b j e c t s  on a d i e l e c t r i c  o r  c o n d u c t i n g  p l a n e  i s  a n a l y z e d  i n  
t e r m s  o f  t hc i r  dcpendence  on w a v e l e n g t h ,  p o l a r i z a t i o n  and 
a n g l e .  
c o s  + dependence on a n c l e  f o r  l a r g e  a n g l e s  i s  i n  r c a s o n a h l e  
a c c o r d  w i t h  t h e  e x p e r i m e n t a l  d a t a .  The l i m b  p o l a r i z a t i o n  
p roduccd  by such  o b j e c t s  i s  n e g a t i v e  a n d  i n  ac rccmcn t  w i t h  
e x p c r i m c n t  , I'hc p r e d i c t e d  wavelenfl th  dcpcndcnce i s  capnl i le  
o f  d i s t i n g u i s h i n c  t h i s  model from H a g f o r s '  model .  
The c a l c u l a t e d  A - *  dependencc  on wave lcng th  and 
"E1ectroni:ignetic and Thermal P r o p e r t i e s  of t h e  Moon's 
S u r f a c c , "  (Appendix VI I I )  a r e  d i s c u s s e d  by R .  Lax t o  show 
t h a t  a {',reat d e a l  o f  i n r o r m a t i o n  can be  o b t a i n e d  by r emote  
r a d a r  and i n f r a r c t l  measurements  f rom t h e  g round .  The c v i d e n c e  
i n d i c a t e s  a l a y e r  o f  d e n s i t y  of t h e  o r d c r  O F  1 .0  gm/cm3 o r  
p o r o s i t y  o f  a b o u t  . 7 U  ( o r  f i l l i n g  I a c t o r  o f  . 3 )  f o r  a c l e p t h  
o f  t he  o r d e r  . o l  a meter o r  more ,  Accord ing  t o  measurements  on 
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l o o s e  b a s a l t  powder an o b j e c t  of a g i v e n  d i a m e t e r  will s i n k  t o  
a d e p t h  e q u a l  t o  t h i s  d i a m e t e r  i n  a powder of  t h e  c a l c u l a t e d  
p o r o s i t y  u n d e r  a l o a d  of  35 gr/cm2 o r  75 l b s / f t  s q .  
a p p e a r s  t o  be a g r a d i e n t  o f  d e n s i t y  n e a r  t h e  s u r f a c e  which i s  
n o t  well d e f i n e d  by p r e s e n t  t h e o r y  o r  e x p e r i m e n t s  b u t  i s  s u g -  
g e s t e d  i n  terms of a t w o - l a y e r  a p p r o x i m a t i o n  by many i n v e s t i -  
g a t o r s  ( s e e  a b o v e ) .  
There 
Much of t h e  p r e s e n t  s t r u c t u r e  and  n a t u r e  o f  l u n a r  s u r f a c e  
i s  t h e  r e s u l t  o f  impact  o f  meteorites and m i c r o m e t e o r i t e s ,  
of  s o l a r  wind and o f  s o l a r  e l e c t r o m a g n e t i c  r a d i a t i o n .  I n  h i s  
p a p e r ,  "Eros ion  on Lunar S u r f a c e  by Meteor Impact , "  (Appendix 1 1 ) ,  
R .  J .  C o l l i n s  makes a q u a n t i t a t i v e  estimate of e r o s i o n  c a u s e d  
by t h e  m e t e o r i t i c  i n f a l l .  He conc ludes  t h a t  f o r  c r a t e r s  of 
r a d i u s  l ess  t h a n  /J 300 meters, t h e  l u n a r  s u r f a c e  i s  i n  
s t e a d y  s t a t e ,  Agreement was s a t i s f a c t o r y  be tween t h e  i n f a l l  
r a t e s  w i t h  t h e  p roposed  e r o s i o n  model and t h e  o b s e r v e d  d a t a .  
T h e  h i g h e s t  f l u x  o f  a l l  m a t t e r  f a l l i n g  on t h e  l u n a r  s u r -  
f a c e  i s  due  t o  t h e  mic ron  s i z e  m i c r o m e t e o r i t e s .  "The Ev idence  
f o r  P a r t i c u l a t e  Matter i n  Space and i t s  P o t e n t i a l  A c c r e t i o n  
Rate by Moon and t h e  E a r t h "  (Appendix 1 x 1  i s  d i s c u s s e d  by 
E .  P ,  Ney. Data on t h e  F-Corona o f  t h e  Sun,  t h e  Z o d i a c a l  
l i g h t ,  and t h e  d i r e c t  measurements  of  f l u x e s  o f  m i c r o -  
p a r t i c l e s  on t h e  E a r t h s s  s u r f a c e ,  l e a d  t o  l u n a r  a c q u i s i t i o n  
o f  i n t e r p l a n e t a r y  p a r t i c u l a t e  m a t t e r  o f  a h o u t  3 0  A p e r  y e a r ,  
I f  t he  f i g u r c  i s  . c o r r e c t ,  i t  i s  n e c c s s a r y  f o r  t h e  incoming 
[);irticill:lt.c l n a t t e r  t o  s t i r  up a p p r o x i m a t e l y  300  t irncs i t s  [:b::l 
0 
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mass o f  l u n a r  material  i n  o r d e r  t o  a c c o u n t  f o r  t h e  l u n a r  
e r o s i o n .  I t  seems t h a t  t h e  i n p u t  o f  m i c r o m e t e o r i t e s  t o  t h e  
Moon i s  n o t  i n  i t s e l f  a s e r i o u s  s o u r c e  of  l u n a r  s u r f a c e  
a c q u i s i t i o n .  I f  t h e  p r e s e n t  f l u x  had e x i s t e d  t h r o u g h o u t  
10  y e a r s ,  a t o t a l  o f  300  cm of  d e n s i t y  1 mater ia l  would 
have  been  a c q u i r e d  from t h e  i n t e r p l a n e t a r y  e n v i r o n m e n t .  
9 
S o l a r  wind and m i c r o m e t e o r i t i c  i m p a c t s  a f f e c t  t h e  
" S t r u c t u r e  of  t h e  Lunar  Dust Layer" (Appendix XI) a s  d i s -  
c u s s e d  by R. Smoluchowski.  On t h e  b a s i s  o f  e x p e r i m e n t a l  
e v i d e n c e ,  i t  i s  c o n c l u d e d  t h a t  s o l a r  wind c a n  s i n t e r  f i n e  d u s t  
by p r o d u c i n g  d i s p l a c e d  a toms which d i f f u s e  t o w a r d s  t h e  s u r -  
face of t h e  g r a i n s .  The m i c r o m e t e o r i t i c  c h u r n i n g  o f  t h e  
topmost  layer  o f  l u n a r  d u s t  e x c l u d e s  s i n t e r i n g  t h r o u g h  
s p u t t e r i n g .  The d u s t  is  t h u s  p r o b a b l y  p a r t l y  c o h e s i v e  
(0 .5  dyne  per p a r t i c l e )  which increases  i t s  m e c h a n i c a l  s t r e n g t h  
and d e c r e a s e s  i t s  m o b i l i t y .  I t s  lower  l a y e r s  a re  compacted 
by m e t e o r i t i c  bombardment and a c l o s e  packed  d e n s i t y  i s  r e a c h e d  
p r o b a b l y  a t  a d e p t h  o f  a meter o r  so .  
d e g r e e  o f  s i n t e r i n g ,  l o a d s  of a few t o  a few tens  gr /cm2 w i l l  
n o t  commence t o  s i n k  i n  t h e  topmost  d u s t  l a y e r .  
Depending upon t h e  
During t h e  l u n a r  d a y ,  t h e  Moon c h a n g e s  t o  a p o s i t i v e  
p o t e n t i a l  due t o  t h e  p h o t o e l e c t r i c  e f f e c t .  T h i s  " P o t e n t i a l  
and  E l e c t r i c  F i e l d  a t  t h e  S u r f a c e  o f  t h e  Moon" (Appendix VI) 
i s  e v a l u a t e d  i n  a p a p e r  by €1. H e f f n e r .  
(below 4000  A)  of  2. x l 0 l G  p h o t o n s  p e r  cm2 p e r  sec ,  quantum 
Assuming a p h o t o n  f l u x  
0 
e f f i c i e n c y  l o - '  and 3 e v  f o r  t h e  k i n e t i c  e n e r g y  o f  t h e  p h o t o -  
- 2 6 -  
e l e c t r o n s  one o b t a i n s  a p o t c n t i a l  o f  3 0  v o l t s ,  a s p a c e  
c h a r g e  l a y e r  o f  some 8 meters and a n  e l e c t r i c  f i e l d  of l o 6  
v o l t s / c m .  These day  time, normal  i n c i d e n c e ,  v a l u e s  a r e  lower 
f o r  a more r e a l i s t i c ,  two o r d e r s  o f  macn i tude  lower  f l u x .  
T h e  e l e c t r i c  f i e l d  c a l c u l a t e d  i n  t h e  p r e v i o u s  paper v a y  
l ead  t o  " L e v i t a t i o n  of Dust on t h e  S u r f a c e  o f  t h e  Floon" 
(Ilppendix V )  as  d i s c u s s e d  a l s o  by I I .  H e f f n e r .  I t  i s  shown 
t h a t :  a)  p h o t o e l e c t r i c  s p a c e  cha rge  e f f e c t s  a r e  n o t  s u f f i c i e n t  
t o  r a i s e  d u s t  p a r t i c l e s  from t h e  s u r f a c e  o f  t h e  Moon,b) s u b -  
micron  d u s t  p a r t i c l e s  c a n  be suspended  i f  t h e y  a r e  r a i s e d  t o  
a s u f f i c i e n t  h e i g h t  by m i c r o m e t e o r i t e  i m p a c t ,  c )  an a p p r e c i a b l e  
f r a c t i o n  o f  t h e s e  p a r t i c l e s  w i l l  be Suspended as l o n g  as t h e  
a n g l e  o f  i n c i d e n c e  o f  s o l a r  r a d i a t i o n  i s  n o t  t o o  low, and 
d )  u n d e r  t h e  i n f l u e n c e  o f  r a d i a t i o n  p r e s s u r e  p a r t i c l e s  t e n d  
t o  m i g r a t e  t o w a r d s  t h e  shadow r e g i o n .  Charged d u s t  p a r t i c l e s  
m:ly h c  a c a u s e  o f  much n u i s a n c e ,  i f  n o t  d a n g e r ,  t o  a n  a s t r o -  
n a u t  e s p e c i a l l y  i f  he s h o u l d  happen t o  f a l l .  E x p e r i m e n t a l  
t e s t s  a r e  recommended. 
lluch i n t e r e s t  and c o n t r o v e r s y  h a s  been  r a i s e d  by r e p o r t s  
o f  e x c e s s  l u n a r  b r i g h t n e s s .  The p e r t i n e n t  "Mechanisms f o r  
Lunar  Luminescence" (Appendix X)  are  d i s c u s s e d  i n  a p a p e r  by 
E .  P o  Ney, N .  J .  Woolf,  and R .  J .  C o l l i n s .  I t  i s  shown t h a t  
t h e  v i s i b i l i t y  o f  l uminescence  on t h e  Moon depends  on t h e  
co rnpe t ins  p r o c e s s e s  t h a t  i l l u n i n a t e  t h e  Moon and t h a t  p r o v i d e  
e n e r g y  f o r  l uminescence .  Most f a v o r a b l e  times f o r  s e e i n g  
l u m i n e s c e n c e  a r e  a t  new Moon on t h e  f a r  s i d e  o f  t h e  Moon, and 
d u r i n g  r a r e  d a r k  e c l i p s e s .  The l u m i n o s i t y  and c o l o r  o f  t h e s e  
ra re  ec l ip ses  i s  e x p l a i n e d .  Direct p r o c e s s e s  f o r  c o n v e r t i n g  
e n e r g y  t o  luminescence  i n  l u n a r  day  c a n n o t  be e n e r g i z e d  by 
p r e s e n t l y  known s o u r c e s  of p a r t i c l e s .  I f  s t o r a g e  p r o c e s s e s  
o c c u r  t h e y  may g i v e  i n f o r m a t i o n  a b o u t  t h e  d u s t  p a r t i c l e s  a t  
t h e  ex t r eme  l u n a r  s u r f a c e .  
The q u e s t i o n  whe the r  t h e  Moon was e v e r  m o l t e n  h a s  been 
w i d e l y  d i s c u s s e d .  I n  D .  L .  Anderson and R .  A .  P h i n n e y ' s  
p a p e r  t h e  " I n t e r n a l  Tempera tu res  o f  t h e  Moon" (Appendix I )  
a r e  a n a l y z e d  i n  c o n s i d e r a b l e  d e t a i l  and the  r e l a t e d  problem 
o f  v o l c a n i s m  i s  i n v e s t i g a t e d  by thermal h i s t o r y  c a l c u l a t i o n s .  
IVhile t h e  r e s u l t s  depend on t h e  r a d i o a c t i v i t y  and a g e  of t h e  
Moon, e x t e n s i v e  i n t e r i o r  m e l t i n g  i s  d i f f i c u l t  t o  a v o i d .  The 
c h o n d r i t i c  Moon w i l l  s t a r t  t o  melt a t  d e p t h s  below a b o u t  300 km 
a t  a b o u t  1.9 b i l l i o n  y e a r s  a f t e r  f o r m a t i o n .  If  t h e  Moon h a s  
t h e  c o m p o s i t i o n  o f  t h e  E a r t h ' s  m a n t l e ,  m e l t i n g  w i l l  commence 
a t  a b o u t  1 .6  b i l l i o n  y e a r s  a t  a c o r r e s p o n d i n g  d e p t h  and w i l l  
p r o c e e d  r a p i d l y  i n w a r d .  
r a d i o a c t i v i t y  and o n l y  3.5 x 10 y e a r s  o l d  w i l l  n o t  y e t  have  
m e l t e d  i f  it s t a r t e d  c o l d .  
A moon w i t h  a b o u t  2 / 3  o f  t h e  E a r t h ' s  
9 
The most e x t e n s i v e  s t a g e  o f  v o l c a n i s m  w i l l  p r o b a b l y  f o l l o w  
d i f f e r e n t i a t i o n ,  p e r h a p s  2-3 b i l l i o n  y e a r s  a g o .  I t  f o l l o w s  
t h a t  t h e  p r e s e n c e  o f  l a v a  a n d / o r  a s h  f l o w s  on t h e  surface of  
t h e  Moon i s  h i g h l y  p r o b a b l e .  
f e r e n t i a t e d  body;  b u t  s i n c e  i r o n  i s  n o t  i n v o l v e d  i n  t h e  d i f -  
f e r e n t i a t i o n ,  a heavy c o r e  i s  n o t  p r e s e n t .  I t  i s  a l s o  shown 
The Moon i s  p r o b a b l y  a d i f -  
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t h a t  Mars w i l l  p r o b a b l y  n o t  melt and i s  now a n  u n d i f f e r e n t i a t e d  
body. T h i s  s u p p o s i t i o n  i s  s u p p o r t e d  by t h e  moment o f  i n e r t i a  
of  Mars. I t  i s  s u g g e s t e d  t h a t  the p r e s e n t l y  p l a n n e d  s t u d i e s  
be  expanded t o  i n c l u d e  a l u n a r  g e o d e c t i c  o r b i t e r ,  a d i r e c t  
measurement  o f  s u r f a c e  h e a t  f l o w  and a p a s s i v e  l u n a r  s e i smo-  
meter. I t  i s  recommended t h a t  the f e a s i b i l i t y  o f  a monocycle 
r a d a r  p u l s e  o r b i t e r  e x p e r i m e n t  t o  d e t e r m i n e  t h e  s t r u c t u r e  of 
t h e  o u t e r  s e v e r a l  k i l o m e t e r s  of t h e  Moon be i n v e s t i g a t e d .  
I n  "The Case Aga ins t  Volcanism" (Appendix I V )  T. Gold 
a r g u e s  t h a t  v o l c a n i s m  c o u l d  n o t  have been  t h e  m a j o r  agency  i n  
s h a p i n g  t h e  p r i m a r y  f e a t u r e s  of t h e  Moon. 
ice  s h e e t s  c o v e r e d  w i t h  d u s t  a r e  r e s p o n s i b l e  f o r  t h e  f l a t  mare 
and  c r a t e r  bo t toms .  
He s u g g e s t s  t h a t  
Tn Part  I1 of  h i s  p a p e r ,  T .  Gold emphas izes  t h e  i m p o r t a n c e  
o f  h i g h  q u a l i t y  pho tography  needed i n  f u t u r e  l u n a r  e x p l o r a t i o n  
and  t h e  a s s o c i a t e d  p rob lems  and  p e c u l i a r i t i e s  t o  be e n c o u n t e r e d  
i n  l u n a r  p h o t o g r a p h y .  
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IV. BACKGROUND OF THE "TYCHO" STUDY GROUP 
A .  Orinin 
On May 26, 1964, Mr. Homer E. Newell, Associate 
Administrator for Space Science and Applications, NASA, 
addressed a memorandum to the Deputy Administrator and to 
the Associate Administrator of NASA proposing that a group 
of approximately 20 established scientists be assembed on a 
part-time basis to study advanced physical problems in 
science as they relate to man's efforts in space exploration. 
This group would be free to address i t s e l f  to new research 
areas, avenues of pursuit, and to matters of science of its 
own choosing. The group would consist of high caliber 
scientists recruited from academic and research areas primarily 
involved in solid state and theoretical physics. The emphasis 
on physics was sponsored by a need for solution of a number of 
physical problems encountered in the lunar program. Continuity 
of the group would be maintained over several years through 
retention of as many members as possible from year to year and 
through frequent sessions of several days duration in addition 
to an annual five to six weeks summer study session. Prelimi- 
nary discussions between Mr. Newell, Mr. Willis B. Foster, 
Director of the Manned Space Science Division, Dr. Willard S. Boyle 
of Bellcomm and Dr. Robert J. Collins of the University of 
Minnesota in May, 1964, led to submission of a proposal by the 
University of Minnesota to organize and administer such a group. 
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The University of Minnesota's proposal was essentially 
consistent with the preliminary memorandum of May 26, 1964, and 
the discussions held at NASA headquarters. The proposal sug- 
gested expansion of the membership to include several members 
from other disciplines to provide cognizance of research 
activity and state of knowledge in related areas such as astro- 
physics, geology and microbiology and to include a representa- 
tive from NASA headquarters for guidance on broad NASA pro- 
grams and plans. Pressing lunar exploration problems would 
be reflected in the initial constitution of members selected 
for the study group who would also have demonstrated previous 
competence in research and scientific matters. The proposal 
emphasized need for orientation of members on problems under 
study and a general state of the art. It was planned that 
the location of the study groups should be removed from the 
usual working place of participants to avoid conflict with 
routine demands of their regular duties. 
The University of Minnesota acts as the agency to 
supply fiscal responsibility and administrative organization 
for the study group. Administrative details are managed by 
an administrative officer assigned to a staff position dele- 
gated by the University of Minnesota. 
The Study Group was initially called "The Manned 
Space Science Study Group.)( However, in August, 1965, in 
order to avoid confusion with other similarily entitled groups 
and organizations, the name was changed to ttTychott Study Group 
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a f t e r  t h e  l u n a r  crater  "Tycho" which  had f i g u r e d  i n  much of  the 
r e s e a r c h  work conduc ted  by t h e  s t u d y  g roup .  
B .  Members 
The s e l e c t i o n  and r e c r u i t m e n t  o f  members t o  s e r v e  w i t h  
t h e  llTycho" S tudy  Group h a s  been a more d i f f i c u l t  t a sk  t h a n  
a n t i c i p a t e d .  I t  was r e c o g n i z e d  a t  an e a r l y  d a t e  t h a t  recru i t -  
ment o f  well-known a u t h o r i t i e s  i n  t h i s  area was f u t i l e  because  
o f  t h e  many demands f o r  t h e i r  s e r v i c e s  and t h e i r  i n a b i l i t y  t o  
d e v o t e  e x t e n d e d  p e r i o d s  o f  time w i t h  t h e  group.  Rather, it was 
d e c i d e d  t o  c a l l  upon s u c h  i n d i v i d u a l s  f o r  s h o r t  p r e s e n t a t i o n s  
and s p e c i a l  c o n s u l t a t i o n s  as needed and when a v a i l a b l e .  
Dr. Gera rd  P. Kuiper  and Dr. Eugene M .  Shoemaker are examples  
o f  i n d i v i d u a l s  i n  t h i s  c a t e g o r y .  Accord ing ly ,  it was t h e n  
n e c e s s a r y  t o  d e t e c t  and r e c r u i t  s c i e n t i s t s  who p o s s e s s e d  s i g n i -  
f i c a n t  p o t e n t i a i  f o r  s p a c e  research, b u t  who, f o r  a v a r i e t y  o f  
r e a s o n s ,  had n o t  y e t  a c h i e v e d  such  widespread  r e c o g n i t i o n  f o r  
t h e i r  work. Nex t ,  it was impor t an t  t o  d e t e r m i n e  t h e i r  m o t i -  
v a t i o n  f o r  t h i s  t y p e  o f  r e s e a r c h  a c t i v i t y  and t h e i r  a v a i l a b i -  
lity t o  f u n c t i o n  w i t h  t h e  group.  
members who have  a g r e e d  t o  s e r v e  wi th  t h e  "Tycho" S tudy  Group 
a l t h o u g h  s e v e r a l  were u n a b l e  t o  d e v o t e  t h e i r  f u l l  time t o  t h e  
summer s t u d y  s e s s i o n  i n  Boulder  t h i s  summer: 
The f o l l o w i n g  i s  a l i s t  o f  
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Name 
* A l l e n ,  F r e d e r i c k  G .  
Anderson, Don Lynn 
C o l l i n s ,  Rober t  J .  
*Evans,  John V . 
#Gold ,  Thomas 
H e f f n e r ,  Huber t  
H o p f i e l d ,  John  J .  
#Lax,  Benjamin 
#Ney, Edward P .  
* P e a r s e ,  C .  Arnold 
f fPhinney ,  Rober t  A .  
Smoluchowski, Roman 
S u h l ,  Harry 
UWoolf, N .  J .  
- I n s t i t u t i o n  
Bellcomm, I n c .  
Cal i f  . I n s t  . /Tech . 
Univ. o f  Minn. 
L i n .  Lab., MIT 
Corne l1  Univ. 
S t a n f o r d  Univ. 
P r i n c e t o n  Univ.  
MIT 
Univ. o f  Minn. 
Bellcomm, I n c .  
P r i n c e t o n  Univ. 
P r i n c e t o n  Univ.  
Univ. of Cal i f  . / L J  
P r i n c e t o n  Univ . 
P r i n c i p a l  D i s c i p l i n e  
a n d / o r  Area o f  I n t e r e s t  
S o l i d  S t a t e  P h y s i c s  
Geophys ics  
S o l i d  S t a t e  P h y s i c s  
Radar 
Astronomy 
E l e c t r i c a l  E n g i n e e r i n g  
T h e o r e t i c a l  P h y s i c s  
S o l i d  S t a t e  P h y s i c s  
A s t r o - P h y s i c s  
T h e o r e t i c a l  P h y s i c s  
Geophys ics  
S o l i d  S t a t e  P h y s i c s  
T h e o r e t i c a l  P h y s i c s  
Astronomy 
" P a r t i c i p a t e d  p a r t  time and w i t h o u t  mone ta ry  r e imbursemen t .  
# P a r t i c i p a t e d  p a r t  time as  f o l l o w s :  
Gold (One week, August 1 - 7 )  
Lax (Three weeks, August 12-31) 
N e Y  (Two weeks, August 3-15 )  
Phinney (Two weeks, August 9-21) 
Woolf (Three  weeks, August 2-18,  26-28) 
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The  f o l l o w i n g  i n d i v i d u a l s  p a r t i c p a t e d  as  s p e c i a l  
c o n s u l t a n t s :  
Name -
Green ,  Jack 
P r i n c i p a l  
Date -Ins t i tu t ion /Company D i s c i p l i n e  
North American Geology/  8 /5 f i6  
Av i a t i o n  Ge o c  h em i s t r y  
Shoemaker ,  Eugene M ,  U .  S .  Geology S e r v i c e  Astronomy/ 3 / 2 7  
F l a g s t a f f ,  Ar izona  A s t r o g e o l o g y  
S h o r t h i l l ,  R icha rd  W .  Boeing Aircraf t  Corp.  A s t r o p h y s i c s /  8/2G3 
I n f r a r e d  
Commander Trygve A .  H o l l ,  U .  S .  Navy ( R e t i r e d )  h a s  been  
r e t a i n e d  by t h e  U n i v e r s i t y  o f  Minnesota  a s  A s s i s t a n t  D i r e c t o r  f o r  
t h e  l lTycholl  S tudy  Group and h a s  f u n c t i o n e d  as t h e  A d m i n i s t r a t i v e  
Of f i ce r  s i n c e  J a n u a r y  8 ,  1965. 
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C ,  Meet ings  
A p r e l i m i n a r y  mee t ing  was h e l d  i n  Washington,  D .  C. 
on December 1 8 ,  1964,  t o  c l a r i f y  t h e  p u r p o s e  of t h e  s t u d y  g roup ,  
t o  o u t l i n e  a p l a n  o f  a c t i o n ,  and t o  e v a l u a t e  i n d i v i d u a l s  who 
might  be i n v i t e d  t o  p a r t i c i p a t e  as members i n  t h e  g roup .  A t  
t h i s  mee t ing  i t  was d e c i d e d  t o  p roceed  w i t h  p l a n s  f o r  s h o r t  
i n t e r i m  m e e t i n g s  i n  March a t  Kansas C i t y ,  M i s s o u r i ,  i n  con-  
j u n c t i o n  w i t h  t h e  American P h y s i c a l  S o c i e t y  m e e t i n g .  I t  was 
a l s o  d e c i d e d  t o  s c h e d u l e  t h e  e x t e n d e d  summer s t u d y  s e s s i o n  d u r i n g  
t h e  month of August a t  a l o c a t i o n  t o  be  d e t e r m i n e d  l a t e r ,  The 
f o l l o w i n g  i n d i v i d u a l s  a t t e n d e d  t h i s  m e e t i n g  a l t h o u g h  s e v e r a l  
(Wertheim and H e r r i n g )  were u n a b l e  t o  c o n t i n u e  a s  members of t h e  
s t u d y  group:  
C o l l i n s ,  Rober t  J .  U n i v e r s i t y  o f  Minnesota  
Heffner, Huber t  S t a n f o r d  U n i v e r s i t y  
H e r r i n g ,  W .  Conyers  
H o p f i e l d ,  John  J .  P r i n c e t o n  U n i v e r s i t y  
Ney, Edward P .  U n i v e r s i t y  o f  Minnesota  
S u h l ,  Harry  U n i v e r s i t y  of C a l i f o r n i a  
Be 11 Te l ephone  Labo r a  t o r  i e s 
The second m e e t i n g  o f  t h e  s t u d y  g roup  was h e l d  a t  
Kansas C i t y ,  M i s s o u r i ,  on S a t u r d a y ,  March 2 7 ,  1965 ,  t o  c a p i t a l i z e  
on t h e  p r e s e n c e  of a number o f  t h e  members who were a l r e a d y  i n  
Kansas C i t y  a t t e n d i n g  t h e  March m e e t i n g  o f  t h e  American P h y s i c a l  
S o c i e t y  e a r l i e r  t h a t  week. The p u r p o s e  of t h i s  m e e t i n g  was t o  
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f a m i l i a r i z e  members w i t h  t h e  Surveyor  and Lunar  O r b i t o r  programs 
t h r o u g h  a p r e s e n t a t i o n  by Dr. Martin J .  S w e t n i c k ,  Lunar  
O r b i t e r  Program S c i e n t i s t ,  OSSA, NASA, and r e c e i v e  a p r e s e n t a t i o n  
by Dr. Eugene M. Shoemaker,  Head, As t rogeo logy  Branch ,  U. S. 
G e o l o g i c a l  S u r v e y ,  F l a g s t a f f ,  Ar izona ,  on t h e  s t a t e  o f  
o p t i c a l  d a t a  c u r r e n t l y  a v a i l a b l e  t h r o u g h  a s t ronomy and t h e  
Ranger Program. The time and p l a c e  o f  t h e  e x t e n d e d  summer 
s t u d y  s e s s i o n  was s e t  a t  t h i s  mee t ing  t o  be August 2 t h r o u g h  
September  3 a t  t h e  U n i v e r s i t y  o f  Colorado  campus i n  B o u l d e r ,  
C o l o r a d o .  I n  a d d i t i o n  t o  Dr. Swetn ick  and Dr. Shoemaker ,  
i n d i v i d u a l s  a t t e n d i n g  t h i s  m e e t i n g  were: 
C o l l i n s ,  Rober t  J.  
Evans,  John  V .  
Franken ,  Peter A .  
H o l l ,  Trygve A. 
H o p f i e l d ,  J o h n  J .  
Ney, Edward P .  
Pearse, C .  Arnold 
S u h l ,  H a r r y  
Thompson, Wm . B . 
U n i v e r s i t y  of Minnesota  
L i n c o l n  L a b o r a t o r i e s ,  MIT 
U n i v e r s i t y  of Michigan 
U n i v e r s i t y  of  Minneso ta  
P r i n c e t o n  U n i v e r s i t y  
U n i v e r s i t y  of Minnesota  
n l l r l r m m  D e l  A L U I I I I I ~ ~  Inc  c 
U n i v e r s i t y  o f  C a l i f o r n i a ,  L J  
Bellcomm ( o b s e r v e r  o n l y )  
Woolf,  N .  J .  P r i n c e t o n  U n i v e r s i t y  
No te :  Dr. Franken  h a s  been  i n v i t e d  t o  p a r t i c i p a t e  as  a member o f  
t h e  s t u d y  g roup  b u t  h a s  n o t  y e t  a c c e p t e d  b e c a u s e  o f  o t h e r  
p r e s s i n g  commitments.  T h i s  i s  the o n l y  m e e t i n g  h e  h a s  been  a b l e  
t o  a t t e n d  t o  d a t e .  
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A two-day meeting was held in Chicago, Illinois, on 
November 1 2  and 1 3  t o  review results of the extended summer session, 
to receive additional indoctrination on the Apollo program and 
other related lunar activities, and to discuss areas of concentration 
for the coming year, All members except Dr, Thomas Gold and 
Dr, Edward P, Ney attended this meeting, Dr, Richard J ,  Allenby, 
Deputy Director, Manned Space Programs, OSSA, attended this 
meeting as the NASA representative to brief the group on the 
Apollo program and other related lunar activities, 
Meetings are tentatively scheduled t o  be held in 
January and March o r  April, 
will be scheduled for the five-week period August 1 through 
September 2 ,  1966, 
The extended summer study session 
